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€) Float operatad eiectricai switch assemaiy.

@ A fleat operated electrical switch assembly has a hous-
ing (1Q) fitted to an opening i 3 container wall (14). A
fleat (19) follows the liquid level and is pivoted with a2
orimary magnet (18) about a pivat axis (17). A pivotal
seconqary magnet (21) acts in repuision with the primary
magnet (18) through a non-magnetic wall (20) of the
housing (10). The movement of the secondary magnet
(21) causes at least one control rod {48) to reciprocata.
A switch contact (32) is narmally held under the resilience
af its carrier leaf spring (38) in engagement with a fixed
switch contact (33). The contacts are opened by move-
ment of the control rod (48) moving the swiich contact
{32) against the resilience of ils carrier.
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BESTOBELL MOBREY LIMITED GJE 5080/020
FLOAT OPFERATED ELECTRICAL SWITCH ASSEMBLY '

The invention is concerned with a float-operated

electrical switch assembly, for use with a boiler or
other liguid container. The assembly has a float which

- follows the liquid level and is mounted with a primary

magnet on the wet side of the assembly so that the pri-
mary magnet moves upon movement of the float. The pri-
mary magnet controls the movement of a secondary switch
magnet by magnetic influence through a non-magnetic wall.
The secondary magnet is mounted on the dry side of the
assembly and its movement controls the operation of
electrical switch contacts. Such an assembly is herein-
after referred to as of the kind described.

In a typical example the primary and secondary
magnets are bar magnets pivotally mounted about horizontal
axes with the two magnets substantially in axial alignment
one on each side of the non-magnetic wall, with adjacent )
poles of the two magnets similar to one another. When
the float rises or falls, the remote operative end of the
primary magnet adjacent to the non-magnetic wall falls
or rises respectively and causes the adjacent end of the
secondary magnet to pivot upwards or downwards respect—
ively with a snap action when the magnetic repulsion
force between the adjacent poles of the two magnets
passes through a dead centre position. Other configur-
ations are possible.
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In a conventional arrangement, the secondary magnet
has carried two electrically connected electrically
conducting cantilevered leaf springs at the ends of
which electrical contacts are carried. In one stable
end position of the secondary magnet the movable con-
tacts on the leaf springs touch one pair of fixed con-
tacts, making the circuit between the two fixed contacts.
Similarly a circuit is made between two other fixed
contacts when the secondary magnet is in its other
stable end position. ’

The contact pressure between the movable and fixed
contacts is determined by the flexure of the cantilevered
leaf springs, produced from the torque available from
the interaction of the two magnets. Because of the
limited magnet size and strength, and the necessary
separation between the magnet poles, this torque is very
small. The conventional arrangements require that this
torque uses the angular movement available to produce an
air gap between the two end positions of the moving
contacts when resting on the fixed contacts, plus
flexure of the cantilevered leaf springs each way
sufficient to produce the contact force. The problem
is multiplied by the simultaneous closing of two pairs
of contacts, since the available force has to be
divided between both pairs and the angular movement may
be limited by the flexure of one of the leaf springs
before sufficient contact has occured at the other pair
of contacts. Consequently the contact force is
frequently less than would be desirable, particularly
where the assembly may be subjected to vibration, or low
voltage signal currents of low magnitude are to be

- switched. The carriage of the moving contacts by the

secondary magnet introduces a further problem that the
contacts are in the proximity of moving parts and dust
is liable to build up on the contacts, particularly when,
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owing to the geometry of the'secondary magnet mounting,
" the contact surfaces are horizontal. Such dust will

interfere with good electrical contact between the
fixed and moving contacts. The carriage of the moving
contacts by the secondary magnet also necessarily
involves the use of ceramic or other insulating material
in the wvicinity of the secondary magnet and such
material is susceptible to deterioration upon pro-
longed exposure to high temperatures as may occur when
the assembly is used in high temperature applications.
In accordance with the present invention, a float
operated electrical switch assembly of the kind
described has a secondary magnet which swings between
two stable end positions under the control of the
primary magnet, the secondary magnet operating at least
one pair of switch contacts of which a first contact is
fixed and a second contact is mounted on a contact
carrier and is resiliently urged into engagement with

the first contact to complete part of an electrical

circuit, and the secondary magnet being coupled to the
contact carrier by a longitudinally movable control rod

"which, in one end position of the sécondary magnet, does

not interfere with the resilient engagement of the first
and second contacts but which, when the secondary magnet
swings to its other end position, moves longitudinally
and moves the contact carrier against the resilient
urging to disengage the second contact from the first
contact and open the circuit part.

This use of a simple control rod which operates
directly between the contact carrier and a part which
moves with the secondary magnet, such as a pivoted
carrier in which the secondary magnet is fixed, leads to
a number of advantages. A particular advantage is that
the contact pressure between the first and second switch
contacts is constant and determined by the resilient
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loading, the magnetic interaction only,providing the
force and movement required to create the air gap between
the contacts when broken, rather than air gap plus two
deflections of the leaf springs. '
The effects of vibration on this switch are much
less than on previous designs, since the contacts which
are "made" only include the contact carrier and movable
second contact as movable parts. Vibration affects
these much less than the normal arrangement where a
pivoted magnet carries the "made™ electrical contacts.
The pivoted magnet in this novel design only affects the

. electrical contact in the "broken" position. In the

other position the control rod is not in rigid contact
with the contact carrier.

Although the reaction provided by the resilient
urging to hold the contacts closed must not be so great
that it will not be overcome by the reaction along the
control rod when the secondary magnet swings over to its
other end position, the reaction can be considerably
greater than with the conventional arrangemeﬁt previously
mentioned if the moment arm between the line of action
of the control rod and the pivotal axis of the secondary
magnet is small. This can easily be achieved since the
movement required from the control rod is much less than
that required previously from the contact bearing leaf
springs. '

The use of an axially reciprocating control rod
also enables the switch contacts to be positioned in a
chamber separated from other moving parts, such as the

- secondary magnet, by a partition having an aperture

through which the control rod works. This assists in
keeping the surfaces of the contacts clean. The use of
the control rod also eliminates the conventional
restriction on the orientation of the contacts and they
can be mounted with their faces vertical, irrespective
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of the orientation of the pivotal axis of the secondary
magnet, thereby further inhibiting the settlement of
dust on the contact faces.

' The resilience urging the second contact into
engagement with the first contact may be a separate
spring, interposed between the contact carrier and a
part of the switch housing. Preferably, however, the
resilience is provided by the contact carrier itself
which is then in a form of a cantilevered leaf spring.
The second contact is mounted adjacent to the free end

of the leaf spring and the control rod engages the leaf

spring adjacent to the second contact. The leaf spring
may also act as the current carrier from the second
contact to eaaother part of the circuif.

Furthermore since the contacts are no longer

carried by the secondary magnet, all the components

adjacent to the secondary magnet, and hence close to
the hotter, wet side of the assembly in a high tempera-
ture application, can be made of metal.

-We have disclosed in our British Patent Specifi-
cation No. 1,490,266 a switch assembly of the kind
described in which a similar control rod was provided
between the secondary magnet and a microéwitch. However
that construction was much more complex, involving a
number of moving parts, such as levers and buttons,
between the control rod and the moving parts of the
micrecswitch. The advantage in the present case arises .
from the direct engagement of the control rod with the
contact carrier to create the air gap when the contacts
are opened.

Further advantages arise over the systems pre-
viously described which used conventional microswitches.
The electrical contacts on cantilevered leaf springs can
be made suitable for operation up to 400°C or more
whereas commercially available micraswitches are llmited
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to 120°C. Significantly higher temperature versions of
low force microswitches would be very expensive, if
available at all. Also the microswitches suitable for
Iow force actuation normally require small contact gaps
to be sensitive to the low forces available from the
magnet. This restricts the maximum operational current
rating possible, since the low contact gap on bresking
the circuit can cause an arc across this gap, parti-
cularly with inductive loads. With the present
invention the contact gap available may be increased.

A further economic advantage i1s that for switches
designed for intrinsically safe electrical circuits,
where low voltages and current are present, the normal
practice with contact surfaces 1s to gold plate these

- .

for better performance. Gold plating of the low

actuating force microswitches is subject to very large
minimum order guantities and a high price surcharge
comparsed to the standard products, making their use for
this application uneconomic. The switches according to
the present invention can easily be manufactured using .
gold plates contacts in small numbers at only the
necessary extra cost compared to the normal silver
contacts.

The advantages of the new switch assembly are -
achieved irrespective of whether the longitudinally
movable control rod acts in compression or tension to _
push or pull respectively the contact carrier and hence
disengege the second contact from the first contact.

In either case the contact carrier may be engaged by a
shoulder on the control rod. However, there is a
marginal preferance for the control rod to act in
compression to push the contact carrier to disengage the
second contact from the first contact and it may then be
the tip of the control rod remote from the secondary
magnet which bears against the contact carrier and there
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is no need for a reduced cross sectional part of the
cantrol rod to extend past the contact carrier with
possible danger of frictional engagement between the
reduced cross sectional part and the contact carrier
at the time when the control rod is moving with a lost
motion relatively to the contact carrier. In the
alternative case in which the control rod acts in
tension to pull the contact carrier to disengage the

. second contact from the first contact, it will be

necessary for the control rod to be axially restrained
relatively to the secondary magnet carrier or other
part through which the secondary magnet is coupled to
the control rod. Such restraint may also be provided
when the control rod acts to push the contact carrier
to disengage the second contact from the first contact.
Such restraint may be provided by fixing the control
rod to a part rotatably mounted in the secondary'magnet
carrier abcut an axis substantially parallel to that
about which the secondary magnet is pivotally mounted.

Such pivotal mounting of the control rod relatively to

the secondary magnet carrier allows the control rod to
rock to and fro relatively to the secondary magnet to
accommodate changes in the transverse distance between
the control rod and axis of the secondary magnet as the
secondary magnet rocks between its limited angular

- positions.

A single control rod may operate two circuit parts’™
if there are two pairs of the switch contacts with the
second contact of each pair mounted on a contact carrier
and resiliently urgedinto engagement with the respective
first contact, the control rod, when it moves in one
directioh, moving one of the contact carriers to dis-
engage the respective second contact from the corres-
ponding first contact and open one circuit part, and,
when it moves in the other direction, moving the other
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contact carrier to diséngage the respective second
contact from the corresponding first contact and open

-8 -

the other circuit part. At any time one of the pairs

of contacts will then be held open by the reaction

arising from the magnetic interaction and the other pair

of contacts will be closed under the resilient urging.
The arrangement in which a control rod operates

. one or two pairs-of contacts as described may be

duplicated on opposite sides of the secondary magnet
axis. One of the control rods will then move in one
direction and the other control rod in the other
direction and the secondary magnet swings to one of lts
end positions, and vice versa when the secondary magnet
swings to its other end position. If each of the con-
trol rods only operates a single pair of contacts, the
reaction arising from the magnetic interaction will,
in either end position of the secondary magnet, only
be used to hold one contact carrier against its resilient
urging. However, if both control rods operate two'pairs-
of contacts, the single secondary magnet can be used to
control four circuit parts, although in that case only
half the reaction arising from the magnetic interaction
will be available to hold'each pair of contacts open.

Examples of a switch assembly constructed in
accordance with the preéent invention are illustrated
in the accompanying drawings, in which:-

Figure 1 is a wvertical section through
one assembly, and taken on the line I-I in Figure 2;

Figure 2 is an end elevation of a switch unit as

seen in the direction of the arrow II in Figure 1;
Figure 3 is a section taken partly on the line
III-IIT and partly on the line III'-III' in Figure 1;

Figure 4 is a section taken on the line IV-IV in
Figure 1;
: Figure 5 is an enlargement of part of Figure 1 to
show the operation of two pairs of switch contacts by a
control rod;



10

15

20

25

30

35

-9 -

0015663

Figure 6 is a section similar to Figure 1 but 6f
a second assembly; and, ‘ .

Figure 7 is a section similar to part of Figure 6
but showing the parts in a different operative position.

The switch assembly illustrated in Figures 1 to 5,
comprises a housing 10 made of stainless steel or other
non magnetic material closed by a screw on end éap 11.
The housing 10 is provided with an integral annular
flange 12 through which studs or bolts 13 pass to secure
the flange to a side wall 14 of a liquid container
around an opening in the container wall. A sealing ring
15 is interposed between the flange and wall. A pair
of parallel ears 16, integral with the housing 10,
extend through the opening in the container wall 14 and
support between them on a pivot 17 a pivotable assembly
including =z primary bar magnet 18 and a float 19. The
float 19 rises and falls with the liquid level in the

~ container but the angle through which the pivotable

assembly can swing is limited by abutments (not shown)
on the ears 16 and assembly. Figure 1 shows the low
liquid level position of the pivotable assembly.

The end of the primary magnet 18 remote from the
float 19 moves closely.adjacent to a thin diaphragm 20,
or so-called non-magnetic wall portion, of the housing
10 and cooperates by repulsion through the diaphragm 20
with a like pole at the adjacent end of a secondary
magnet 21. The magnet 21 is fixed in a surrounding
metal carrier 22 having journals 23 (Figure 4) which
receive stub axles 24 carried by parallel ears 25
formed integrally with a metal insert 26 which is
secured by a pair of screws 27 within the housing 10.
The secondary magnet 21 and carrier 22 are thus able to
swing about a horizontal axis parallel to the axis 17
and their angular movement is limited by engagement of
the inner end of the magnet 21 with the edges of an

. samm
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opening 26! in the insert 26. Figure 1 shows the end
position of the secondary magnet 21 corresponding to the
illustrated end position of the primary magnet 18 and -
float 19. Naturally when the float 19 rises with the
liquid level in the container, the two magnets will pass
through a magnetic dead centre position as a result of
which the secondary magnet will snap over in an anti-
clockwise direction as seen in Figure 1 to its other end
position. _ |

Also held in the housing 10 by the pair of screws
27 is a moulded insert 28 made of insulating material
with a thin partition 29 sandwiched between the inserts
26 and 28 to define within the insert 28 a switch
chamber 30. Within the chamber 30 are two sets of
switch contacts, of which one set are visible in Figure 1,

the other set being symmetrically arranged on.the oppo-

site side of the axis of the switch unit. The set of
switch contacts seen in Figure 1 consist of movable

switch contacts 31 and 32 coaperating with respective4
ones of a pair of fixed contacts 33 arranged back to '

back. The moving contact 31 is carried at the end of a

carrier consisting of an electrically conducting metal
leaf spring 34 having a U-shaped, and U-sectioned
operating extension 35. .The other end of the leaf
spring 34 is secured and electrically connected by a
screw 36 to an internally tapped tubular metal conductor
cast into the insert 28 and electrically connected to

a terminal 37 positioned at the rear face of the insert
28. The movable contact 32 is similarly carried at the
end of an electrically conducting metal leaf spring 38,
having an cperating extension 39. The other end of the
leaf spring 38 is secured and electrically commected bv
a screw 40 to an internally tapped tubular conductor 41
which is cast into the insert 28 and electrically

~connected at its other end to a terminal 42 positioned

alongside the terminal 37. The contacts 33 are carried
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one on each side of an electrically conducting metal
strip 43 secured and electrically connected by a screw
4l to another tubular conductor 45 cast in the insert

28 and electrically connected to a terminal 46. In
practice the two sets of terminals 37, 42 and 46 would
be connected to external control or indication equipment
by leads in a cable extending out of the housing 10
through an opening 47.

Each set of switch contacts is operated by a
control rod 48 having a metal part which is connected to
the secondary magnet carrier 22 and an enlarged ceramic
end 49 which operates the switch contacts directly.

Each rod extends through an opening in the insert 26
and an opening in the partition 29. As will be
apparent from Figﬁre-4, each of the control rods 48 is
fixed in a holder 50 which is pivotally mounted in a
bushing 51 carried by a wing 52 of the carrier 22. As
a result, as the secondary magnet 21 and its carrier 22
are rocked to and fro by the primary magnet and float
assembly, one control rod 48 moves longitudinally in one
direction or the other and the other control rod moves

a similar amount in the opposite direction. The pivotal
mounting provided by the bushing 51 enables the control
rods to rock relatively to the carrier 22 to accommodate
the angular movement. '

As shown in Figure 5, the ceramic end 49 of each

- 11 -

control rod is provided with a reduced diameter annular T

groove 53 of greater axial length than the thickness of
the operating extension 35. However the arms of the U
of the extension 35 fit within the groove 53 so as to be
abutted by the shoulders at the ends of the groove upon
longitudinal movement of the control rod. The tip of
the control rod is positioned adjacent to the operating
extension 39.

The natural resilience of the leaf springs 34 and
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38, acting as carriers for the moving contacts 31 and
32, are such that the moving contacts are urged into
engagement with their respective fixed contacts 33 with
adequate contact force to carry the necessary current.
However in each end position of the secondary magnet 21,
one or other of the switch contacts 31 or 32 is forced
away from its respective fixed contact 33 against the
resilience of its leaf spring carrier. Thus when the
secondary magnet 21 is in its limited position shown in
Figure 1, the upper control rod 48 will have been moved
backward to the position shown in Figure 5 in which the
switch contacts 31 and 33 are open but the switch
contacts 32 and 33 are closed. Simultaneously, the
other control rod will have been moved in the opposite
direction and its tip will have moved the operating
extension 39 of the other set of contacts so that in
that set the contacts 32 and 33 are open but the contacts
31 and 33 closed. Both sets of switch contacts will
switch over to their opposite positions when the
secondary magnet 21 is rocked in an anti-clockwise
direction as seen in Figure 1 to its other end position.

The second example illustrated in Figures 6 and 7
is a simpie modification of the first example and the

float, magnets, and switch housing are of similar

construction as is indicated by the use of similar
reference numerals. The essential difference is that
thé movable switch contact 31 and its associated parts -~
have been eliminated, and conseguently also the annular
groove 53 in the ceramic end 49 of each control rod.
The insert 28 will have been modified slightly to
accommodate the modification wherein each set of contacts
includes only two contacts and will require only two
respactive terminals.

In this modification the control rods only open
the contacts when they are moved to the left as seen in
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Figures 6 and 7 so that in each end positicon of the
secondary magnet 21, the whole reaction available from
the magnetic repulsion between the magnets 18 and 21

is available to move only a single one of the leaf spring
contact carriers 38. Figure 6 shows the upper control
rod having been withdrawn so that the switch contacts

are closed under the resilience of the leaf spring 38

and Figure 7 shows the control rod having been moved to
the left to open the contacts.
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, ' CLAIMS
1. A float-operated switch assembly having a float
mounted with a priﬁary magnet on a wet side of the
assembly so that the primary magnet moves, in use, upen
movement of the float, the primary magnet controlling
the movement of a secondary switch magnet by magnetic
influence through a non-magnetic wall, and the secondary
magnet being mounted on a dry side of the assembly and
its movement controlling the operation of electrical
switch contacts; characterised in that the secondary -
magnet (21), swings between two stable end positions
under the control of the primary magnet (18), the
secondary magnet operating at least one pair of switch
contacts of which a first contact (33) is fixed and
a. second contact (31,32) is mounted on a contact carrier
(34,38) and is resiliently urged into engagement with
the first'contact to complete part of an electrical
circuit, and the secondary magnet being coupled to the
contact carrier by a longitudinally movable control
rod (48) which, in one end position of the secondary

. s~

magnst, does not interfere with the resilient engagement
of the first and second contacts but which, when the
secondary magnet swings to its other end position, moves
longitudinally and moves the contact carrier against

the resilient urging *to disengage the second contact
from the first contact and open the circuit part.



10

15

20

25

30

35

- 15 - | 0015663

2. An assembly according to claim 1, in which the -
contrel rod (48) acts in compression to push the
contact carrier (38) to disengage the second contact
(32) from the first contact (33).

3. An assembly according to claim 2, in which there
are two pairs of the switch contacts (31,33; 32,33) with
the second contact of each pair mounted on a respective
contact carrier (34,38) and resiliently urged into
engagement with the respective first contact, the
control rod (48), when it moves in one direction, moving
one of the contact carriers to disengage the respective
second contact from the corresponding first contact and
open one circuit part, and, when it moves in the other
direction, moving the other contact carrier to disengage
the respective second contact from the corresponding
first contact and open- another circuit part.

4, An assembly accordiﬁg to any one of the preceding
claims, in which the provision of the control rod and at
least gre pair of the switch contacts is duplicated on
both sides of the pivotal axis (23) of the secondary
magnet.

5. An assembly according to any one of the preceding

‘claims, in which the resilience urging the second contact

into engagement with the first contact is provided by
the contact carrier itself which is in the form of a
cantilevered leaf spring (34, 38).

6. An assembly according to claim 5, in which the
leaf spring (34, 38) also acts as the current carrier
from the second contact. ,

7. An assembly zccording to any one of the preceding
claims, in which the switch contacts (31,32,33) are
mounted with their faces substantially vertical.

8. "An assembly according to any one of the preceding
claims, in which the switch contacts are positioned in
a chamber (30) separated from the secondary magnet by a
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partition (26) having an aperture (26) through which
the control rod (48) works. -
S. An assembly according to any one of the
preceding claims, in which the control rod is fixed to
a part (50) pivotally connected to a carrier (22) for
the secondary magnet about an axis substantially

parallel to that about which the secondary magnet is
pivotally mounted.
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